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ABSTRACT
The use of diatomite filters has increased rapidly since their adoption
for the filtration of military water supplies during World War II. Most
installations for civilian purposes have been for the filtration of swim-
ming pool waters, although several small, public water supply installa-
tions have been made since 1948. Wider use of such filters has been
inhibited because of lack of information on their performance and
economy.
The results of more than 500 filtration tests employing diatomite are
reported in this bulletin. Special emphasis is given to the effects of body
feed on economy of operation. A convenient field procedure for the pur-
pose of determining the filtering quality of water supplies is introduced.
The relationship between the amount of body feed required to secure
most economical use of diatomite and the quality of raw water, in the
special case involving water coagulated by ferric chloride and limestone,
is shown graphically.
The tests described in this bulletin were conducted as a part of a
more comprehensive study of the filtration of water through diatomite.
It is anticipated that additional bulletins will be prepared to describe
effects of other factors involved in filter operation, as more information
is collected through further investigation.
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I. INTRODUCTION
1. Purpose
The principal purpose of this investigation has
been the determination of the effects which body
feed has on the economy of the filtration of water
through diatomite. Knowledge of some effects of
the use of body feed made possible the extension
of the study to determine a relationship between
filter operation using body feed and the quality of
the filtered water. It was expected that through such
a study, optimum filter operation for use with any
water quality could be determined.
2. Diatomite Filters in Water Purification
Diatomite filters were introduced into the field
of water purification during World War II1* when
they were used to a limited extent in the Allied
Armies and in the armies of Germany and of Japan.
Interest in their use for industry, swimming pools,
and small public supplies has developed rapidly
since the war.
Advantages of the diatomite filter over compar-
able rapid sand filters of the pressure or gravity
type include its light weight which may be one-
twentieth as much, its space requirements which
may be one-tenth as much, and its cost 2 which may
be one-third as much. Kominek 3 estimated that the
cost of diatomite, power, and wash water for the
operation of diatomite filters would range from a
minimum of 1.2 to a maximum of 3.6 cents per
1,000 gal of water filtered. A similar estimate of the
cost of operating comparable rapid sand gravity
filters gave a minimum cost of 0.20 cents and a
maximum cost of 1.07 cents per 1,000 gal. Although
the operating costs of diatomite filters are appar-
ently greater than those of rapid sand filters, the
lower first costs, the greater filter effectiveness
without preliminary coagulation of the water, and
other pertinent factors may lend favor to the use of
diatomite filters for water purification.
3. Other Investigations
Black and Spaulding' in 1944 reported the first
successful use of diatomite filters for the filtration
* Superscripts refer to correspondingly numbered entries in the
Bibliography.
of public water supplies in the United States when
they described the development and use of diato-
mite filters by the United States Army in World
War II. They pointed out the need of body feed for
effective filter operation, but no attempt was made
to correlate the amount of body feed required with
the quality of the water to be treated. The effective-
ness of diatomite filters in the removal of various
organisms from water is described by the United
States Army 4 and by Jones and Brady.5 Full-scale
installations of diatomite filters for water purifica-
tion are described by Pegg' and by Engle.7 Kiker 8
has reported tests conducted on a swimming pool
installation in which an effort was made to obtain
increased filter-aid economy by the re-use of filter
aid. He concluded that "additional information and
research are needed before categorical statements
as to whether body feed will pay for itself at any
given installation can be justified in advance."
Sanchis and Merrell9 have presented the results
of the most extensive series of tests yet reported to
determine the optimum amount of body feed to be
used in filtering water. The water used in these tests
was surface water found in distributing reservoirs
located in narrow canyons along the Santa Monica
Mountain Range in California. The water was sat-
isfactory for use without filtration except with
respect to plankton content, which created a taste
and odor problem. To a large extent, the plankton
"constitute the load of suspended matter" that the
water carries. By running a series of filtration tests
in succession, utilizing different body feeds, Sanchis
and Merrell determined the optimum body feed to
be used for greatest filter-aid economy. They made
an unsuccessful attempt to correlate the optimum
body feed with the turbidity of the water. How-
ever, a satisfactory relationship was found between
optimum body feed and the "filtrability index," a
measure of the filtering quality of a water proposed
by P. L. Boucher."o
4. Filtrability Index
Sanchis and Merrell' indicated that the rapidity
and ease with which the value of the filtrability
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index can be determined are influential factors in
favor of the filtrability-index method of predicting
body-feed requirements.
Boucher 1o defined the filtrability index in terms
of the rate of increase of hydraulic resistance of a
filter screen per cubic foot of water filtered through
a square foot of screen at a constant rate of filtra-
tion. It was thought that a similar measure of water
filtering quality might be obtained by filtering
water at a constant rate through a diatomite filter
precoated with a standard amount and type of filter
aid until a predetermined terminal head loss
through the filter was reached. The volume of
water filtered under such conditions would serve as
a measure of the filtering quality of the water.
Unfortunately, the filtrability index has been
applied successfully only to water in which most of
the suspended matter consists of plankton. Attempts
to modify the Boucher apparatus for the determina-
tion of the filtrability index for other types of water
have proved unsuccessful in this laboratory. 11
Hence, the usefulness of the filtrability index re-
ported by Sanchis and Merrell appears to be limited
to measurement of hydraulic resistance produced by
plankton.
5. General Procedure
A series of filtration studies was undertaken for
the purpose of obtaining information concerning the
following:
1. The general effects of body feed on the
economy of filter aid
2. The reproducibility of the proposed filtra-
bility determination for evaluating the
filtering characteristics of raw and coagu-
lated surface water
3. A correlation between optimum body feed
and water quality using several types of
diatomite.
A battery of 5 filters was designed and con-
structed. Four of the filters were used to determine
the effect of body feed. One filter was always used
without body feed to determine the filtering quality
of the raw water. Batch and continuous-flow coagu-
lation equipment were used for preparing the water
for filtration. The chemicals used in the coagulation
equipment were ferric chloride, limestone, and cal-
cium hypochlorite. 12
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II. DIATOMITE FILTRATION
7. Description of Diatomite Filters
A photograph of the laboratory filter installa-
tion is shown in Fig. 1. A diagram of a typical
constant-rate, precoat filter equipped for air-bump
backwash and continuous filter-aid feed is shown
in Fig. 2. The apparatus consists essentially of
a filter housing containing one or more filter
septums, a centrifugal pump, an unfiltered-water
tank, a body-feed slurry-mixing tank, and a fil-
tered-water storage reservoir.
The direction of flow through the equipment
during normal operation is indicated by the arrows
in Fig. 2. Filtration is accomplished by the pre-
coat and body coat shown on the septum in Fig. 1.
As filtration continues, the head loss increases
through the layer of filter aid on the septum.
At the end of a filtration cycle, the used filter cake
consisting of precoat, body coat, and impurities
removed from the water must be washed from the
septum in order to start a new cycle. The septum
backwashing is accomplished by the flow of water
through the septum in a direction reverse to that
indicated in Fig. 2. It may be done in several ways
by the use of pumps or compressed air. The filter
shown in Fig. 2 is equipped for air-bump backwash
and operates in the following manner: In starting
a filtration cycle, air is trapped in the filter housing
in two separate locations, the upper air-trap and
the lower air-trap. The two traps are separated by
a metal barrier such that the upper air-trap is on
the filtered-water side of the septums and the lower
air-trap is on the unfiltered water side of the sep-
tums. At the end of a filtration cycle, the flow to
the filtered-water storage tank is stopped by closing
valve E. The centrifugal pump is allowed to build
up "shut-off" pressure in the filter housing, which
serves to compress the air in both air-traps. Then,
valve C is closed and the pump stopped. In order
to remove the filter cake from the septum, the
quick-opening, air-release valve is opened and the
air in the lower air-trap is released to the atmos-
phere. The compressed air in the upper air-trap
expands rapidly, forcing the filtered water inside of
the septum out through the septum and into the
space formerly occupied by the compressed air in
the lower air-trap. A properly designed air-bump
backwash will result in a reverse-flow of water,
momentarily, at a high rate. The duration of back-
wash is sufficient to remove the filter cake from the
septum. The filter cake may then be removed from
the housing by opening drain valve G.
8. Septums
Filter septums are usually designed to serve only
as a supporting medium for the layer of filter aid
in which the filtering action takes place. Common
examples of septums now used include the Aloxite
cylinder, the Stellar wire-wrapped septum, the Pro-
portioneers ribbon-wound septum and the Johnson
well-screen septum. Other septums, such as the
diatomite filter-candle and cellulose filters, are dis-
posable septums. Disposable septums are discarded
after they no longer filter water at the desired rate.
Filter aids, however, may be used in conjunction
with disposable septums to provide longer filter life.
Filter septums suited for water filtration usually
consist of a plastic or metal core wrapped with
metal screen, or helically wrapped with wire, or of
porous septums of metal, carbon, or Aloxite.
9. Precoat and Body-Coat Operation
Two different terms are used to refer to the
filter-aid material used in filtration. They are pre-
coat and body coat or body feed. Precoat refers to
filter aid applied initially to the septum before
filtration is started. It serves as the filtering medium
during filtration. Body coat refers to filter aid which
is added continuously to the influent water during
filtration. It is caught by the precoat and serves to
maintain a porous layer of filter aid and removed-
solids around the precoat, and thus to prolong the
filtering cycle.
Precoat filters may be operated with or without
control of the rate of flow. When the flow is con-
trolled, a rate of 1-6 gpm per sq ft is usually se-
lected. Filtration is continued at the initial rate
with increasing head loss until a suitable limit of
pressure is reached. This is the method used in the
present investigation.
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Fig. 7. Laboratory Diatomite Filter Apparatus
When the rate of flow is uncontrolled, both pres-
sure and rate change during the cycle. The former
increases and the latter decreases, the relations de-
pending on pump characteristics as well as filter
and water quality. This is the principle of current
army equipment. It does not lend itself well to the
analysis of factors affecting filtration and has not
been used in this investigation.
Precoat filter aid may be applied to the filter
either with or without recirculation of the effluent.
With recirculation, the required amount of filter
aid, usually between 0.10 and 0.15 lb per sq ft of
filter, is mixed with filtered water in a slurry tank.
The slurry is circulated through the filter and back
to the slurry tank. The filter aid is retained on the
septum. The circulation is continued until the pre-
coat is formed and the effluent runs clear. Then
water is drawn from the unfiltered supply and the
filter effluent is diverted to the filtered-water stor-
age. This method of precoat application produces a
uniform precoat with no loss of filter aid.
Precoat application without circulation is ac-
complished by placing the required amount of filter
aid in the bottom of the filter housing and starting
the filtration cycle. The filtrate is wasted for 1 to
3 min until the precoat is completely in place. Pre-
coating without circulation is faster and requires
less apparatus, but it is subject to waste of filter
aid and the possible formation of a poor precoat.
Body-coat filter aid is added to the raw water
with special positive-displacement, slurry feeders or
with other apparatus. In the apparatus in Fig. 2,
the body-coat filter aid was mixed with filtered
water in the slurry-mixing tank and added at the
suction of the main pump.
10. The Use of Filter Aid
The filter-aid coating on the septum removes
suspended matter mainly by straining, and the layer
of filtering medium becomes fouled with a super-
imposed and partly penetrating layer of particles
removed from the water. The rapidity with which
the fouling takes place depends on such factors as
the grade of filter aid, the type and amount of sus-
pended matter in the water, and the filtration rate
used. The surface fouling of the diatomite precoat
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Fig. 2. Schematic Diagram of Typical Diatomite Filter Apparatus
is reduced and the length of filter run is increased
by continuously feeding diatomite into the water
flowing to the filter. This body feed maintains the
porosity of the cake surface.
Body feed is employed to obtain the largest
volume of filtrate per pound of filter aid. As the
proportion of body feed to turbidity increases in
the filter cake, the porosity increases and the head
SOptimum Body Feed for
Maximum Filter Aid Economy
Amount of Body Feed
Fig. 3. Typical Effect of Body Feed on the Economy of Filter Aid
loss through a cake of constant thickness decreases.
However, if very small amounts of body feed are
added, the proportion of body feed to turbidity may
be so small that the thickness of the filter cake may
be increased without improvement of the porosity.
Under these conditions the thicker cake of the same
porosity causes shorter filter runs and decreased
water production per pound of filter aid. If the
amount of body feed is increased, a proportion is
reached such that the porosity of the cake tends to
increase. Then, the adverse effect of the thicker
cake is overcome by the beneficial effect of the in-
creased porosity of the filter cake. With additional
increases in the amount of body feed, the porosity
of the filtering layer increases further and the water
production per pound of filter aid also increases.
Eventually, however, further additions of body feed
result in a filter cake composed of nearly all filter
aid. When this point is reached, further additions
of body feed only increase the thickness of the
filter cake without greatly increasing cake porosity.
Larger amounts of body feed result in longer filter
runs but at reduced economy. Figure 3 shows the
typical relationship to be expected between the vol-
ume of filtrate per pound of filter aid and the-
amount of body feed used.
11. Head Loss
The total head loss through a filter septum and
filter cake after a period of filtration with body
feed is equal to the sum of the head losses through
four distinguishable layers possessing individual hy-
draulic characteristics. These layers and their cor-
responding head losses are as follows:
1. Septum. Head loss remains constant through-
out run.
2. Precoat Layer Not Penetrated By Solids.
Head loss is proportional to layer thickness and
remains constant if compaction effects are small.
3. Precoat Layer Penetrated By Solids. Head
loss increases rapidly due to plugging of pore spaces.
If body feed is used, the head loss remains rela-
tively constant through the layer. The head loss
may be adversely affected by the compressibility of
the solids as the head loss increases.
4. Body Coat. The head loss through the outer
layer composed of suspended solids and body feed
Filered
Water
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continues to increase during a filter run. In fact,
about 95 to 98 percent of the head available for
filtering water is eventually used to force the water
through this layer.
The rate of the increase in head loss through the
fourth layer depends chiefly on the rate of fluid
flow, the character and amount of body feed added,
and the character and amount of the suspended
material in the water. Figure 4 shows a schematic
cross section of a septum, precoat, and filter cake
after a period of filtration.
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III. LABORATORY APPARATUS
12. General
The apparatus used consisted of equipment for
(a) coagulation, (b) filtration, and (c) water anal-
ysis. The equipment was designed so that any con-
dition affecting filtration could be studied while all
other conditions were held constant. A schematic
diagram of the coagulation and filtration equipment
is shown in Fig. 5.
Water for the tests was pumped into either a
batch-treatment or a continuous-treatment coagula-
tion tank. From the coagulation equipment the
water flowed by gravity to the storage tank of the
filtration equipment. A centrifugal pump circulated
the water from the storage tank through a filter
manifold and back to the storage tank. Water to be
filtered left the filter manifold and entered the
filters through an inlet line containing a pressure
gage, a pressure regulator, and both slurry-feed and
manometer connections. See Fig. 5. The water en-
tered the bottom of the filters and passed through
the septums into a perforated effluent pipe passing
through the septum. The perforated pipe was con-
nected to the effluent line. The discharge through
the effluent line passed through an orifice-piezo-
meter type rate-of-flow control.
Four of the five filters were provided with a
means of supplying a body-feed slurry during the
filtration tests. The fifth filter was operated as a
control without body feed. The filtration tests were
conducted at a constant rate of flow using water of
known quality from one of the coagulation units.
In the tests conducted during this study, the filters
were ordinarily operated to determine the optimum
body feed with a particular quality of water. There-
fore, in most cases, the variable in the filtration
tests was the amount of body feed. In the complete
series of body-feed tests, different qualities of water
to be filtered were prepared by using different types
of coagulation and different quantities of chemical
feeds in the coagulation processes.
13. Source of Water Supply
The water used in the study was pumped from
the Boneyard Creek adjacent to the Sanitary Engi-
neering Laboratory. This stream shows evidence of
pollution and has flashy run-off characteristics. In-
formation concerning the alkalinity, temperature,
and physical appearance of the water in the stream
during 31 days in which the tests were run is shown
in Table 1.
14. Coagulation Equipment
Ferric chloride, limestone, and calcium hypo-
chlorite (HTH) were used in treating the raw
water. Anhydrous ferric chloride was used in
amounts varying between 10 and 70 ppm. The lime-
stone12 served to provide calcium carbonate for
maintaining floe formation in waters low in natural
alkalinity and also served to weight the floe. The
limestone used was No. 100 calcite filler obtained
from the Limestone Products Corporation of Amer-
ica. Eighty percent of the material, which was 85-
95 percent CaCOs, would pass through a 625-mesh
screen. With batch coagulation, 7 ppm of calcium
hypochlorite was added to the water to disinfect it.
No disinfectant was used in conjunction with coag-
ulation when the water was treated continuously.
The batch-coagulation equipment included a 10-
ft diam, cylindrical, wood-stave tank equipped with
a hopper bottom. The total capacity of the tank
was 8,700 gal of which the top 4,750 gal could be
used in the filtration tests. The raw water was
pumped into the tank by a pump capable of deliv-
ering 48 gpm against a 60-ft head. The discharge
pipe terminated at the top of the batch-treatment
tank in a 34 -in. nozzle. The nozzle was used to di-
rect the water tangentially into the tank to secure
rotary mixing and flocculation. A connection was
provided between the coagulation tank and the
small storage tank shown in Fig. 5.
Two continuous-flow coagulation devices, both
Erdlators, were used in the tests. The Erdlator op-
erated after August 1, 1952, was a 6 to 8 gpm scale
model of the unit developed and constructed by the
ERDL at Fort Belvoir. The model used prior to
August 1, 1952, was constructed in the Sanitary
Engineering Laboratory from the ERDL pattern
and had a rated capacity between 8 and 10 gpm.
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Table 1
Record of Boneyard Creek Characteristics
Date Air Temperature Boneyard Temperature Boneyard
8 A.M. 4:50 P.M. 8 A.M. 4:50 P.M. Condition Al
33°F
36°F
23°F
36°F
130 F
7° F
36
0
F
42°F
21 0 F
OOF
13
0
F
25°F
46.5°F
31°F
33.5 0 F
31°F
27.5°F
30°F
37°F
31 0 F
33°F
33°F
36.5°F
27.5°F
28°F
30°F
31.5 0 F
36
0
F
27°F
270 F
32.5°F
42°F
31°F
27°F
15
0
F
26.5°F
40.5°F
16°F
14.5°F
29
0
F
46
0
F
46.5 0 F
33°F
43°F
28°F
45.5
°
F
33.5°F
46°F
45°F
420 F
290 F
30°F
46.5°F
42.5 0 F
42°F
48°F
41°F
36°F
42
0
F
45
0
F
39°F
35°F
400 F
430 F
48°F
42°F
43°F
44.5 ° F
420F
44°F
45°F
44°F
460 F
460F
470F
430F
42°F
44.5°F
47°F
45 0F
44°F
46.50°F
52.25°F
46°F
460 F
420F
44°F
47.5°F
40.5 0 F
43.5 0 F
46°F
53
0
F
52°F
47°F
51.5
0
F
47°F
50°F
51°F
53.5°F
550F
53°F
41.5 0 F
43.5 0 F
Clear, low
Muddy, high
Clear, low
Clear, low
Clear, low
Clear, low
Clear, low
Muddy
Clear, low
Clear, low
Clear, low
Clear, low
Muddy
Muddy
Muddy
Clear
Cloudy, rising
Clear, low
Clear, low
Clear, low
Clear, low
Clear, low
Clear, low
Cloudy, low
Cloudy, low
Clear, low
Clear, low
Clear, low
Clear, low
Clear, low
Clear, low
Total Weather
kalinity Conditions
278 Clear, sunny
Cloudy, raining
274 Cloudy, clear
266 Cloudy, raining
267 Cloudy, clear
281 Clear
282 Cloudy
83 Cloudy, raining
183 Clear
220 Clear
230 Cloudy, clear
241 Clear
257 Cloudy
262 Cloudy
319 Cloudy, snowing
200 Clear
209 Cloudy
255 Cloudy, clear
261 Clear
268 Cloudy
276 Clear
269 Clear
270 Clear
Cloudy
Cloudy
Clear
Clear
300 Cloudy
276 Cloudy
277 Clear
Cloudy
The mechanical operation of both Erdlators was
similar, and both were operated at a rate of flow of
6 gpm.
Raw surface water was delivered to the central
chamber of the Erdlator at a controlled rate
through a needle valve with a calibrated orifice-
piezometer gage to indicate rate of flow. Ferric
chloride and limestone were fed into the central
chamber of the Erdlator at the same point as the
raw water. The ferric-chloride solution was mixed
in the proper concentration in a 5-gal bottle and fed
into the tank through a siphon operating under a
constant head. Variations in the ferric-chloride feed
were obtained by varying the concentration of the
solution. The limestone was mixed with water to
form a slurry in a 20-gal steel drum. A small cen-
trifugal pump recirculated the slurry to keep the
limestone in suspension. The pump delivered the
slurry suspension to a small constant-head orifice
tank which discharged into the central chamber of
the Erdlator. The excess slurry was allowed to flow
back to the limestone feeder tank. The limestone
feed was varied by changing the head on the orifice
in the constant-head tank shown in Fig. 5.
1 5. Filtration Equipment
The filtration apparatus is shown in Fig. 5. The
coagulated water from the batch-treatment tank or
from the upward-flow, sludge-blanket type of clari-
fier, known as an Erdlator and shown in Fig. 5, was
collected and stored in the small storage tank.
The storage tank, which had a capacity of 444 gal,
was constructed with a conical bottom which was
connected to a centrifugal pump rated at 38 gpm at
a discharge head of 115 ft. In view of this rate of
discharge more water had to be circulated than was
used by the 5 filters in the filter-battery apparatus.
A pipe from the pump led through a 5-unit manifold
serving the battery of 5 filters and then back to the
storage tank. A pressure of 35 to 38 psi was main-
tained in the pipe during the filtration tests. A con-
trol valve and Bourdon pressure gage were located
in the line at the point where it discharged into the
storage tank. In order to change the pressure in the
line, the control valve was opened or closed to
restrict the flow until the desired pressure was
obtained.
The arrangement of the piping to each filter is
shown in Figs. 5 and 6. Details of the filter housing
are also shown in Fig. 5.
The septums used in the tests were obtained
from the Permutit Company of New York City.
They were cylinders 1%/ in. in diam and 6 in. long
made of small, spherical bronze particles molded
into form with a 1/-in. wall thickness. The pore
diameter for the 5 largest pores in each septum was
found to be about 200 microns. The septums were
installed in the filter housing, using rubber gaskets
and washers to seal off the ends as shown in Fig. 5.
The rate of flow through each of the filters was
controlled on the effluent side of the filter housing
by means of a 1/-in. needle valve, a glass-piezo-
meter tube, and a discharge orifice or nozzle. The
nozzles were calibrated; and the head required to
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Jan. 19, 1952
Jan. 21, 1952
Jan. 22, 1952
Jan. 23, 1952
Jan. 24, 1952
Jan. 25, 1952
Jan. 26, 1952
Jan. 28, 1952
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Jan. 30, 1952
Jan. 31, 1952
Feb. 1, 1952
Feb. 2, 1952
Feb. 4, 1952
Feb. 5, 1952
Feb. 6, 1952
Feb. 7, 1952
Feb. 8, 1952
Feb. 9, 1952
Feb. 11, 1952
Feb. 12, 1952
Feb. 13, 1952
Feb. 14, 1952
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Feb. 18, 1952
Feb. 19, 1952
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Feb. 22, 1952
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Bul. 425. EFFECT OF BODY FEED ON THE FILTRATION OF WATER THROUGH DIATOMITE
Fig. 6. Close-up View of Filter Housings
Showing Precoated Septums
provide a rate of 3 gpm per sq ft (0.588 gpm) was
marked off on a scale next to each piezometer tube.
During a filter run, the rate-of-flow control valve
was adjusted periodically to maintain a constant
rate of flow. Five 80-in. Meriam mercury manom-
eters were used to measure the pressure drop across
the filters.
16. Filter Aids and Filter-Aid Feeding Equipment
Although diatomite filter aids are available in
many types and grades suitable for the filtration of
water, only three were used in these tests:
1. D-4200, a commercial filter-aid product of
the Great Lakes Carbon Corporation, Dicalite Di-
vision.
2. C-535, a commercial filter-aid product of the
Johns-Manville Corporation.
3. JM-535, a filter-aid material supplied to the
Army by the Johns-Manville Corporation.
Two filter aids other than diatomite were used
also, as follows:
1. Crystal-Flo, a filter aid manufactured from
natural volcanic deposits of Perlite by the Sterne
and Maley Corporation.
2. Polycel RCB-80, a filter aid made from puri-
fied wood cellulose by the Industrial Chemical Sales
Division of the West Virginia Pulp and Paper Com-
pany.
The apparatus used for supplying body feed
comprised two Duplex, Heavy-Duty Chem-O-Feed-
ers, Model 2-47, manufactured by Proportioneers,
Inc., Providence, Rhode Island. The feeders were
provided with special reagent heads having check
valves designed for feeding filter-aid slurries. Each
feeder consisted of two diaphragm pumps powered
by one 14 -hp induction motor with V-belt drive. A
3-step cone pulley permitted the pumps to be op-
erated at 13, 26, or 46 strokes per min. Fine adjust-
ment of the body-feed dosage was possible by vary-
ing the length of stroke of the pumps. The pumps
were calibrated for use at the operating pressure of
32 psi used in the filtration tests.
The filter aid to be used as body feed was mixed
with water to form a slurry in one of two body-feed
tanks consisting of 55-gal open steel drums. The
filter aid in the tanks was kept in suspension
throughout a filtration run by stirring it continu-
ously, using two electric motor-driven stirrers. The
body-feed tanks were connected by Saran plastic
tubing to the Chem-O-Feeders. A pressure surge
column 11V in. in diam and 18 in. long was in-
stalled in each discharge line from the Chem-O-
Feeders to equalize the pressure differentials caused
by the action of the positive-displacement pumps.
17. Water Analyses
Samples of the raw water, the coagulated water,
and the filtered water were collected periodically.
The appearance and the temperature of the samples
were usually observed and recorded when the
samples were collected. Turbidity, pH, and alkalin-
ity were determined, usually at the end of a test
run. No bacteriological tests were made.
Turbidity measurements were made with a Hel-
lige Turbidimeter No. 8000, and pH was measured
by a MacBeth, line-operated, continuous indicating
pH meter. The instrument was calibrated and
checked frequently each day with a buffer solution
of known pH. Alkalinity of the water samples was
determined by titration using 0.02 N sulfuric acid
and methyl purple indicator.
IV. TEST PROCEDURES
1 8. Coagulation
The water used in the filtration tests in this
study was coagulated using either batch-treatment
or continuous-flow treatment. Batch treatment
started with 600 gal of previously coagulated water
to which pulverized limestone and calcium hypo-
chlorite were added and mixed by compressed air
agitation. Coagulant dosage began with the intro-
duction of raw water and continued during the 2-3
hr filling period during which the treated water was
kept in motion by the filling stream. In some cases,
further mixing by compressed air was provided for
15 min after filling. In all cases, subsidence and
settling went on overnight, and the water was fil-
tered the following day. This treatment probably
left a minimum of residual floe in the water applied
to the filters. It would rarely be duplicated in ordi-
nary practice.
Continuous-flow coagulation and sedimentation
were carried out in Erdlators in which the displace-
ment time was 20 min. The effluent quality was
within the range likely to be met in practice though
not necessarily the best producible by the equip-
ment. It always contained suspended-floc particles,
visible in a beaker, even when clear and sparkling.
19. Filter Operation
Two different major series of tests were con-
ducted with the filtration equipment:
1. The "Filtrability - Comparison Series" in
which Filters No. 1 to No. 4 were operated with
precoat only to determine the filtrability of water
using several types of filter aid.
2. The "Filter-Battery Series" in which Filters
No. 1 to No. 4 were operated with body feed to
determine the amount required to secure the largest
amount of filtrate per pound of filter aid used and
to determine the general effects of the use of body
feed.
In conducting tests in the filtrability-compariscn
series, the small storage tank in the filter-battery
apparatus, Fig. 5, was filled with the water to be
filtered in the test. As soon as the tank was filled,
the circulating pump was started and the water was
circulated through the filter manifold and back to
the storage tank. The pressure in the line was ad-
justed to 35 psi.
The filters were prepared for operation by flush-
ing all of the pipe lines and the filter housing with
the water to be filtered. Each of the filter housings
was filled to a depth of several inches with the
water to be filtered. A funnel-and-tube apparatus
was used to conduct a precoat slurry of filter aid
and water into the filter housing. The filter aid
required for the precoat was mixed with about 200
ml of water to form a slurry and was poured into
the filter using a funnel inserted through the open
air-release valve. After the precoat slurry was
added, compressed air was used to mix and suspend
all of the filter aid in the water. When the influent
valve in the line coming from the manifold, shown
in Fig. 5, was opened, the housing was allowed im-
mediately to fill slowly with water. The air in the
housing was allowed to escape through the air-
release valve at the top of the housing. When the
housing was filled with water, the air-release valve
was closed and the needle valve controlling the rate
of flow through the effluent orifice was opened. The
rate of flow was adjusted to 3.0 gpm per sq ft of
filter, and the filter was allowed to precoat for 45
sec. After 45 sec the stopcocks leading to the ma-
nometer were opened. At the end of 1 min, the head
loss across the manometer was read and recorded
and the time was recorded as the time of the start
of the filter run. Thus, 1 min of filtration at the
standard rate of flow of 3 gpm per sq ft was allowed
for the precoating process. This method was re-
peated until all of the filters were in operation.
Periodically during the filter run the head loss
across the filter, the temperature, and the time were
recorded.
In the filtrability-comparison series, each filter
was precoated with a different type or grade of
filter aid. The amount of precoat used in all tests
in this study was 0.15 lb per sq ft of filter. The
filters were operated at a flow rate of 3 gpm per
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sq ft until a total head loss of 50 ft of water was
reached across the filters. The head loss, recorded
during the run in inches of mercury at the prevail-
ing temperature, was converted to head loss in feet
of water at 68 deg F by using a conversion table
computed for this purpose. The ratio of the viscosity
of water at 68 deg F to the viscosity of water at
the test temperature was used as the temperature
correction factor.
The filter-battery tests required a slightly more
complicated procedure since the filters were oper-
ated with body feed. The water-storage tank was
first filled with the coagulated water to be filtered.
Filter No. 5 was precoated with the standard pre-
coat and operated to a head loss of 50 ft of water
(at 60 deg F). The procedure followed in determin-
ing the filtrability with Filter No. 5 was the same as
that used in starting a filter run in the filtrability-
comparison series. At the termination of the test
with Filter No. 5, the filter was backwashed and
prepared for operating again. The filtrability of the
water was computed by an analysis of the data
collected. Using this determination as a guide to
the filtering qualities of the coagulated water, the
body feeds to be used with Filters No. 1 through
No. 4 were computed.
The body-feed tanks were filled with the coagu-
lated water. The amounts of filter aid required to
deliver the proper amount of body feed to the filters
were added to the slurry-feed tanks. The slurry-feed
pumps, adjusted to deliver the required amount of
slurry, were primed with the slurry in order to as-
sure that the body-feed slurry would be pumped
into the filters as soon as the pumps were started.
The electric mixers in the slurry-feed tanks were
started and were kept in operation throughout the
filtration tests.
As soon as the feeders were adjusted and the
slurry was mixed, the coagulated water was circu-
lated through the filter manifold. The pressure in
the manifold was adjusted to 35 psi, each of the 5
filters was drained and flushed with the coagulated
water, and the precoat slurry was added to the
housings of Filters No. 1 and No. 2. Both filters had
to be started simultaneously since the body feeders
were designed to start feeding from both heads at
the same time. Similarly, Filters No. 3 and No. 4
had to be started at the same time. As soon as both
filters were prepared, the influent water valves on
the manifold line were opened to fill the housings
with water as the air was bled off through the air-
release valve. As soon as the housing was filled, the
air-release valve was closed and the rate of flow
through the filter was adjusted to 3 gpm per sq ft.
Slurry-feed pump No. 1 was then started and
checked to determine that it was feeding properly.
After 45 sec of precoating, the manometer stop-
cocks were opened. After 1 min of precoating, the
head loss was recorded and the filter run was con-
sidered to have started. Filters No. 3 and No. 4
were started simultaneously in a similar manner. As
soon as Filters No. 1 through No. 4 were performing
satisfactorily, Filter No. 5 was started and operated
without body feed in the usual manner. Influent
and effluent water samples were taken and the head
loss was recorded at any desired interval of time.
The septums were cleaned after each run by
disassembling the housing and removing the septum
and its filter cake. The filter cake was washed from
the septum with cold water under the tap. The sep-
tum was then boiled in a 10 to 20 percent sodium-
hydroxide solution for an hour, and was again
washed in water. The septum was then replaced in
the filter housing. Filtered tap water was circulated
through the filter manifold and was used to flush
out the filter housing and all other pipe lines includ-
ing the tubes leading to the manometers. After
flushing, the filter housing and all lines were allowed
to remain full of the filtered water until the start
of the next filtration test.
20. Conduct of Tests
Eighty-two of the tests conducted were run to
determine a relationship between water quality and
the amount of body feed required to obtain the
greatest economy of filter aid. Thirty-three tests
were conducted using D-4200 filter aid; 48 tests
were conducted using JM-535 filter aid; and 1 test
was conducted using C-353 filter aid.
All of the tests were made using porous-bronze
filter septums precoated with 0.15 lb of filter aid
per sq ft of filter. The results of the tests made in a
previous study indicated that the amount of precoat
did not greatly affect the volume of filtrate which
could be obtained at a terminal head loss of 50 ft
of water so long as a minimum precoat of about
0.08 lb per sq ft was used. A larger amount, 0.15
lb per sq ft, was used to afford maximum protection
for the filter septums against unnecessary clogging.
The tests were conducted at a flow rate of 3.0 gpm
per sq ft through each filter. This rate is the max-
imum recommended for normal filter operation. The
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Table 2
Sample Data Sheet Used in Filter Battery Tests
Filter Battery Tests, Run No. 139
Date.................. 3/4/52 Water Used: Batch-Coagulated Water
Filters ............. .. Porous Bronze Filtrability-16.08
Filter Area............. 0.196 sq ft Operators:
Precoat ............... 0.15 lb/sq ft 1. Blough, E. P.
Body Coat.............8.7 ppm JM-535 2. Baumann, E. R.
Filtration Rate.........3.0 gpm/sq ft 3. Plummer, R. B.
(1) (2) (3) (4) (5) (6) (7)
Time Head Loss on Manometer Temp., Head Loss Time of Volume Re-
Inches of Hg F Ft of Filtra- Filtrate marks
Lt. leg Rt. leg Total Water tion
hr:min:sec @ 68* F Min gal/sqft
0: 4:00 0.44 0.45 0.89 61.5 0.9 0 0 Start of
0:33:00 0.75 0.62 1.37 61.5 1.3 29 87 Run
1:03:00 1.36 1.27 2.63 61.5 2.5 59 177
2:03:00 3.02 3.01 6.03 61.3 5.8 119 357
3:03:00 4.90 4.86 9.76 62.0 9.4 179 537
5:03:00 9.40 9.39 18.79 62.3 18.2 299 897
7:03:00 14.67 14.41 29.08 62.7 28.4 419 1257
9:03:00 20.53 20.69 41.22 64.0 40.9 539 1617
10:03:00 24.28 24.04 49.32 64.6 49.4 599 1797
maximum rate was used in these tests to reduce the
length of filter runs so that two or three filtration
tests could be completed in one week. In order to
provide time for cleaning filters, coagulating water,
and analyzing data before each new test run, each
filter run had to be limited to a maximum of
16-24 hr.
There were only two variables between tests in
the filter-battery series: (1) the quality of the raw
water, and (2) the type of filter aid used. Within
K
each run, the only variable from filter to filter was
the amount of body feed fed. Filter No. 5 was
always operated without body feed to serve as a
control and as a means of estimating the filtering
quality of the raw water. Filters No. 1 through No.
4 were supplied with body feed, usually in increas-
ing amounts.
21. Collection of and Analyses of Data
The data collected during the filtration tests
consisted of head losses through the filters, time,
and the water temperature at various time intervals.
A sample data sheet is shown in Table 2. A sep-
arate data sheet was required for each of the 5
filters. The observed times were recorded in Column
1. The observed manometer leg readings and the
total head on the manometer were recorded in
Column 2. The total head was obtained by adding
the manometer leg readings, because readings on
the left and right legs of the manometer are in op-
posite directions. The total head indicated the loss
across the filter in inches of mercury when the
water was at the temperature recorded in Column
3. The head loss was converted to feet of water at
Volume of Filtrote - Gollons per square foot
Fig. 7. Filter Battery Run #27, Test Results
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68 deg F and entered in Column 4. The filtrate
volume was recorded in Column 6. The volume was
obtained by multiplying the time of filtration by
the rate of filtration. It is noted from Column 7
that the run started at a time reading of 4 min in
Column 1. Subtracting 4 min from any reading in
Column 1 will give the time of filtration in Column
5. Thus, for the reading at 63 min, the time of
filtration is 59 min, and at 3 gpm per sq ft the
filtrate volume is 59 x 3, or 177 gal per sq ft.
Head losses from Column 4 were plotted as or-
dinates against volumes of filtrate from Column 6
as abscissas. Similar curves were drawn on the
same graph paper for the other 4 filters. Typical
curves of test results are shown in Figs. 7 and 8.
The results were analyzed by comparing the vol-
umes produced by each filter after a given head loss
was reached. Comparison was always made at a
head loss of 50 ft of water. Occasionally, one of the
5 filters would not run long enough for a head loss
of 50 ft to be attained. In such cases, the curve was
extrapolated so that a comparison could be made.
The extrapolation of curves, however, was avoided
as much as possible.
Volume of Fltrate, gallons persquare foot
Fig. 8. Filter Battery Run #101, Test Results
V. TEST RESULTS
22. Filtrability Determinations
The results of each filter-battery test were sum-
marized in graphical form in figures similar to Fig.
7. In these figures, the data are plotted to show the
head loss across the filter in feet of water at 68 deg
F versus the volume of filtrate in gal per sq ft. All
of the filtration runs were considered completed
whenever a head loss of 50 ft of water was obtained.
The results for Filter No. 5 were used to provide a
measure of the filtering quality of the coagulated
water expressed in terms of its filtrability. For the
purposes of this study, the filtrability of water has
been defined as the volume of water at 68 deg F
obtained per ft of head loss when a diatomite filter
precoated with 0.15 lb of a standard filter aid per
sq ft of filter is operated without body feed at a
flow rate of 3 gal per min per sq ft to a terminal
head loss of 50 ft. For example, the data for Filter
No. 5 in Run #101 indicate that 340 gal of water
were filtered before a head loss of 50 ft of water
was obtained. Thus, the water filtrability was
340/50 or 6.80 gal per ft of head. In Run #182,
however, only 171.5 gal of water were filtered be-
fore the same head loss was reached. The filtrability
of the water in this run was 171.5/50 or 3.43 gal
per ft of head. A high value of the filtrability indi-
cates that the water is easy to filter. A low value of
the filtrability indicates that the water is difficult
to filter. In general, the water filtrability of the
batch-coagulated water varied between 2.8 and 24.0
with an average of about 8.8. The Erdlator-coagu-
lated water filtrability varied between 0.4 and 3.5.
This indicates that in this study the batch-treated
water was easier to filter than the Erdlator-treated
water.
23. Economical Amount of Body Feed
In order to determine the most economical body
feed in each run, a figure was constructed to show
the relationship existing in each test between the
volume of filtrate expressed in gal per lb of total
filter aid and the body feed in ppm. Several typical
curves of these results are included in Figs. 9 and
10. The results are grouped in the figures according
to the method of coagulation and according to the
type of filter aid used. The ordinate values were
obtained by dividing the total volume of filtrate
obtained from each filter from a 50-ft terminal
head loss by the total weight of filter aid on the
filter up to that time. The total amount of filter aid
used in the computation was the sum of the amount
of precoat plus the total amount of body feed.
A somewhat similar group of curves was pre-
pared from the results of each test to show the
relationship between the total volume of filtrate
expressed in gal per lb of body-feed filter aid and
the body feed in ppm. The values for the ordinate
in these curves were obtained by subtracting the
volume of water obtained from Filter No. 5 for a
50-ft terminal head loss from the volume obtained
from each of the filters for the same head loss. The
new volume represented the added volume of fil-
trate obtained due to the use of body feed. It was
divided by the total amount of filter aid added as
body feed up to the time that the 50-ft head loss
was recorded. Figures 11 and 12 show typical curves
of this type.
Using the results expressed in Figs. 7 through 12
as a basis for discussion, the following general ef-
fects of the use of body feed in affecting diatomite
filtration may be described:
1. The total volume of filtrate obtained within
a given head loss will usually increase with the
amount of body feed used. This effect can be ob-
served in the runs shown in Figs. 7 and 8. It was
concluded that body feed usually increases the total
volume of water filtered but that there are condi-
tions under which a filter with body feed produces
approximately the same volume as or even less than
the filters which receive no body feed. This is evi-
dent in the results of preliminary Run #27 shown
in Fig. 8 and in Run #29 not shown graphically.
In the runs in which body feed was not effective in
increasing the volume of filtrate, it was observed
that the amount of body feed at the minimum point
was from 0.3 to 0.5 of the amount of body feed
required to give the maximum amount of filtrate
Bul. 425. EFFECT OF BODY FEED ON THE FILTRATION OF WATER THROUGH DIATOMITE
3200
2800
` 2400
- 2000
1 /600
1. /200
1K
' 800
400
/
r \\
Run N. Filfrobili/y Symbol
1/15 2.60 o
116 2.90 *
/00 4.38 ~
146 7.86 *
102 8.46 -
P F r J| I
0 20 40 60 80
Body Feed-ppm
Fig. 9. Batch-Coagulation Runs, Typical Relationshi
Between the Volume of Filtrate Per Pound of Tota
Filter Aid and the Amount of JM-535 Body Feed
per pound of filter aid. See Fig. 3. This con
was drawn from the results of 7 tests condu
filtering batch-coagulated water at the high
5.3 gpm per sq ft in the filter-battery app
Figure 13 shows the results of two such preli
runs.
2. The use of body feeds in amount
enough to provide increased filtrate product
suited in longer filter runs and increased fil
economy. Since the battery of filters consi
5 units of which only 4 were supplied witl
feed, a maximum of 5 points was availa
plotting each curve to show the relationsh
tween volume of filtrate and the amount o
feed. The data from each run could not be
indicate the trend of the relationship for all
of body feed. For that reason, it was neces!
determine the over-all general relationship b
uating the results of several filter-battery
which the 4 filters supplied with body fee
used to determine the trends in only certa:
tions of the curve. For example, the results o
#27 and #29 shown in Fig. 13 indicate the exist-
ence of both a minimum and a maximum point in
the curve expressing the relationship between the
volume of the filtrate per pound of filter aid and
the amount of body feed. The data are not sufficient
to fix an exact point of either maximum or mini-
mum. Both curves, however, definitely indicate a
relationship similar to the typical relationship ex-
pressed in Fig. 3.
The results of 6 preliminary tests previously
mentioned indicated conclusively the existence of a
minimum point in the relationship. These curves
also indicated the existence of an amount of body
feed which would result in the production of the
largest filtrate volume per pound of filter aid.
Although knowledge of the existence of the mini-
mum point in the relationship is important in
avoiding filter operations in this range, it is even
more important that a filter operator be able to
determine the body feed which can be used to
secure the greatest possible filter-aid economy. In
order to obtain test data that would more consis-
tently indicate the optimum amount of body feed,
filter-battery Runs #100 through #193 were con-
/00 ducted. During the period that these runs were
being completed, numerous attempts were made to
ps correlate the optimum body feed with some quality
al
of the water which would represent its ability to
be filtered. In general, the only characteristics of
clusion the water which could be determined easily and
cted by
rate of
aratus.
minary
s large
ion re-
ter-aid
sted of
h body
ble for
lip be-
f body
used to
values
sary to
y eval-
runs in
d were
in por-
f Runs
12000
i| 1600
• 200
B
800
lb
's 400
lb
2i
Run No.
/51
/53
181
182
Filrability
/.78
2.10
2.96
3.43
1
Symbol -
o -
v -
I I
0 20 40 60 80 100
Body Feed- ppm
Fig. 10. Erdlator-Coagulation Runs, Typical Relationships
Between the Volume of Filtrate Per Pound of Total
Filter Aid and the Amount of JM-535 Body Feed
I I I I II I
tL
%;^
'\ zzzz
__:\_-_
^
r^
-
-
ILLINOIS ENGINEERING EXPERIMENT STATION
used for this purpose were the turbidity and the
filtrability.
24. Relationship Between Turbidity and the Optimum
Amount of Body Feed
Filter-battery Runs #100 through #119 were
conducted to provide data by means of which the
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optimum amount of body feed to be used in filter-
ing coagulated water could be determined and cor-
related with the water turbidity. Since no data
were available at the start of these tests on which
a prediction of the probable optimum body feed
could be based, it was only by chance that the
data from the run would indicate such an optimum.
In these runs a wide range of body-feed amounts
was used with Filters No. 1 through No. 4. It was
hoped that the resulting body feed vs volume of
filtrate relationship would provide both an indica-
tion of the range of body feed required to determine
the optimum and to provide a correlation between
S Io0 this range and the water turbidity.
The data from these runs were plotted in the
al Relations
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8 indicate that runs of almost any duration
could be obtained by the appropriate use of body
feed. The head loss through Filters No. 3 and No.
4 increased directly with the volume of water
filtered (or with the total thickness of the filter
cake), indicating that the filter aid is present in the
filter cake in large enough amounts to overcome
completely the effects of the suspended solids in the
water. Increasing the amount of body feed from
40 ppm (Filter No. 3) to 6 ppm (Filter No. 4)
merely served to decrease the slope of the line
expressing the relationship between head loss and
volume of filtrate. Whenever such a straight-line
relationship exists, the body feed used will always
be greater than that necessary to obtain maximum
filter aid economy. The results with Filters No. 1
and No. 2 indicate that the filter aid is being added
in amounts insufficient to overcome completely the
clogging effects of the suspended solids. The opti-
mum body feed for maximum water production per
pound of filter aid will generally occur within this
range of body feeds.
Table 3 contains a list of the lengths of filter
run which were obtained in several tests for a ter-
ye
14
ye
5.
0.
0
minal head loss of 50 ft of water. The amounts of
body feed used with each filter in these runs may
be determined from Table 4. Although the addition
of more and more body feed may thus be used to
prolong filter runs, the added water production is
usually obtained at a decrease in the amount of
water produced per pound of filter aid. In order to
determine the most economical amount of body
feed in these runs, curves similar to those in Fig. 9
were constructed. The economical amount of body
feed as determined from figures such as these was
recorded in Table 4. For example, the curve for Run
#115 in Fig. 9 indicates that the optimum JM-535
filter aid is between 36 and 39 ppm. The curve for
Run #116 indicates that the optimum JM-535 body
feed for water of that quality was between 26 and
Length of
Run No.
100
101
102
103
104
106
107
108
109
110
111
112t
113
114
115
116
117
118
Table 3
Filter Run, in Hours, for a Head Loss of 50 Feet of Water
Filter 5
1.22
1.87
2.35
1.56
2.44
1.23
1.89
0.78
1.85
3.66
1.93
2.52
3.06
2.16
0.72
0.81
1.57
5.07
Filter 1
4.01
5.67
3.35
2.66
3.24
3.18
2.49
1.71
2.22
3.78
2.00
3.37
3.98
3.57
0.92
3.06
7.27
25.2*
Filter 2
8.26
9.50
4.36
4.04
3.94
3.62
3.28
2.75
2.95
4.27
2.43
3.97
4.39
4.37
1.55
6.58
13.7
36.8*
Filter 3
14.30*
14.25*
5.00
5.23
4.43
4.60
4.22
3.82
4.23
4.33
3.15
3.00
5.19
5.08
2.40
11.17
18.0
43.2*
Filter 4
20.5*
23.6*
7.5*
6.76
5.92
5.22
5.86
5.55
6.30
4.74
4.54
3.05
5.52
5.55
2.82
13.67
22.4
over 45*
* Filter cake space became filled before end of run; therefore, value is
extrapolated.
t Body-feed amounts increase in order of Filter 5, 3, 4, 1, 2.
32 ppm. The results for Run # 100 indicate that the
body feed amounts supplied to Filters No. 1
through No. 4 were larger than optimum and, there-
fore, the optimum range could not be determined
except to note that the optimum feed probably was
less than 25 ppm of filter aid.
Using the results of the runs recorded in Tables
3 and 4, an unsuccessful attempt was made to cor-
relate the most economical body feed with the
turbidity of the water applied to the filters. The
results of these and later tests indicated that
turbidity is a poor measure of the quality of water
with respect to its ability to be filtered. This may
be shown by an examination of the results of those
runs in which waters of similar turbidities are
filtered and in which an optimum body-feed range
is indicated. Runs #104 and #109 utilized coagu-
lated water whose turbidities were 4.24 and 4.20
ppm respectively. Both runs should, therefore,
have produced runs of about the same optimum
body-feed range, provided, of course, turbidity were
Body Feed- ppm
Fig. 13. Effect of Body Feed on Total Water
Production, Runs #27 and #29
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an accurate indication of the filtering quality of the
water. Without body feed, Filter No. 5 showed a
length of run of 2.44 hr in Run #104 and only
1.85 hr in Run #109. Similarly, the indicated opti-
mum body feed was less than 20 ppm of D-4200
filter aid in Run #104 and was 37.5 to 44 ppm in
Run #109.
Table 4
Test Data Summary: Filter-Battery Tests
Septums: Porous Bronze
Precoat: 0.15 lb/sq ft
Rate of Flow: 3 gpm/sq ft
Run. Applied Water Type of Body Feed, ppm
No. Turbid- Filtra- Filter Aid Filter No.
ity bility 1 2 3 4 5 Optimum
BATCH-COAGULATION
JM-535
JM-535
JM-535
JM-535
D-4200
D-4200
D-4200
D-4200
C-535
D-4200
JM-535
JM-535
JM-535
JM-535
JM-535
JM-535
JM-535
JM-535
JM-535
ERDLATOR
2.66 2.84 D-4200
4.20 3.09 D-4200
4.65 1.21 JM-535
25 40 60 90
20 30 40 60
21.5 30.2 38.7 51.6
20 30 40 50.
20 30 40 60
20 30 40 60
20 30 40 50
20 30 40 60
20 30 40 60
20 30 40 60
5 10 15 20
10 15 20 30
19.7 276 14.7 17.9
10 14 18 22
16.5 25.5 38.5 49.5
16.5 27.5 38.5 49,5
16.5 27.5 38.5 49.5
20.1 29.8 41.1 59.0
20 32 46 60
COAGULATION
17 23 26.8 31 0
12 17 22 27 0
40 50 621 69.2 0
<25
<20
<21.5
25-30
<20
<20'
<20
37.5-44
<5
18-22
<14
<10
<16.5
<16.5
26-32
<20
<31
16-22
61-65
the greatest possible economy in the use of filter
aid, it was necessary to evaluate both the effect of
the terminal head loss on the filtrability and to
determine whether the test results were reproducible.
In order to determine the filtrability of a water,
the filter-battery apparatus was used to filter the
water through a porous bronze septum precoated
with 0.15 lb of filter aid per sq ft of filter. A filtra-
tion rate of 3.0 gpm per sq ft of filter was used.
The head loss was converted to feet of water at 68
deg F and plotted against the volume of filtrate in
gal per sq ft, as has been done in Fig. 14. In the
filter-battery tests, the results for Filter No. 5 were
plotted in a similar manner, as shown in Fig. 8.
The volume of filtrate recorded at a head loss of
50 ft divided by 50 was adopted as the standard
value of the water filtrability. The terminal head
loss was set at 50 ft of water for purposes of con-
venience. Normally, the head loss through a filter
without body feed increased very slowly until the
filter cake was completely coated with suspended
solids. As additional water was filtered, the addi-
tional solids which collected on the filter added to
the thickness of the impervious layer, and the head
loss increased much more rapidly. In some cases in
which the filtrability of the water was low, the
Runs #110 and #111 utilized coagulated water
whose turbidities were 2.80 ppm and 2.79 ppm re-
spectively. Using JM-535 filter aid, the lengths of
run with Filter No. 5 without body feed were 3.66
and 1.93 hr respectively. In Run #110 the optimum
body-feed range was less than 5 ppm, but in Run
#111, the optimum body-feed range was between
18 and 22 ppm. Similar comparisons can be made
with the results in Table 3 from Runs #116 and
#117, and #114 and #115, and in most of the
subsequent filter-battery runs. These observations
indicated that turbidity is an unsatisfactory meas-
ure of the filtering qualities of coagulated water.
25. Effect of Terminal Head Loss on the Filtrability
In an effort to find a more satisfactory ap-
proach to the problem of specifying the filtering
characteristics of water, a study was made of the
possibility of using a measure of filtering charac-
teristics actually determined in a filtration test.
The filtrability of the water, as defined in Section
22, may be determined by using the filtration data
from Filter No. 5 in each run. Before attempting
to correlate the filtrability of a water with the
optimum amount of body feed required to provide
rz,
K
1
'0
^3
*^
Vo/ume of Filrote galper sqf
Fig. 14. Erdlator Coagulation Test Data,
Filtrability Determinations
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Filtrobiliy at a 50, 40, 30, 20, & 10 ft Head Loss
Fig. 15. Effect of Terminal Head Loss on Filtrability
head loss increased as much as 10 to 15 ft during
a minute of filtration. In view of the fact that the
50-ft terminal head loss was an arbitrary selection,
a study was made of 30 filtrability determinations
to ascertain whether a smaller terminal head loss
could have been used. In order to do this, the
filtrability for these waters was computed using
terminal head losses of 50, 40, 30, 20, and 10 ft of
water. A plot was made in Fig. 15 of the filtrability
at a 50-ft terminal head loss as ordinate and the
filtrabilities at the 50, 40, 30, 20, and 10-ft terminal
head losses as abscissas. The curve for the 50-ft
terminal head loss is a straight line with a slope of
45 deg. If we assume that the normal filtrability
based on a 50-ft head loss gives a dependable
measure of the filtering quality of the water, then
the curve representing the relationship between it
and the filtrability based on any other terminal
head loss will be a straight line if that terminal
head could also have been used to compute a valid
and reproducible filtrability value. In Fig. 15, the
filtrability values based on both a 30- and 40-ft
terminal head loss fall on straight lines; this indi-
cates that they would also have served as good
indications of the filtering quality of water. The
filtrabilities based on 20- and 10-ft terminal head
losses, however, show considerable scatter from a
straight line relationship, indicating that for ter-
minal head losses below 30 ft the filtrability value
becomes less precise.
In order to verify the precision of the filtrability
determination based on a 50-ft terminal head loss,
5 different filters were operated simultaneously so
that each would give a measure of the filtrability
of the same water. Six separate tests were made in
this manner to determine the filtrability of batch-
coagulated, Erdlator-coagulated and uncoagulated
water. The filtrabilities of the water varied from a
low of 1.32 using Erdlator-coagulated water to a
high of 9.47 using batch-coagulated water. In each
case, the results of 5 filters agreed with the aver-
age filtrability with an error of less than about 2
percent. It may be concluded, therefore, that the
standard filtrability as defined in this report may
be used as a reproducible measure of the filtering
qualities of water.
ILLINOIS ENGINEERING EXPERIMENT STATION
26. Effect of Grade of Precoat on the Filtrability
In the tests involving the determination of the
most economical body feed of JM-535 filter aid, all
filtrability results were expressed using JM-535 as
precoat. The JM-535 filtrability of a coagulated
water may be defined as the volume of water at 68
deg F obtained per foot of head loss when a diato-
mite filter precoated with 0.15 lb of JM-535 filter
aid per sq ft of filter is operated without body feed
at a flow rate of 3 gal per min per sq ft to a ter-
minal head loss of 50 ft of water. The filtrability
based on the use of any other type of filter aid as
the precoat would give a different numerical value
for the filtrability. If D-4200 filter aid were used as
the precoat, the water filtrability would be called
the D-4200 filtrability of the water.
In making determinations of the most eco-
nomical amount of body feed versus filtrability for
other filter aids, it was obvious that non-standard
values of the filtrability would have to be used.
It would be impracticable to require the use of
JM-535 filter aid for the filtrability determination
if D-4200 filter aid, for example, were to be used
for the body feed in actual filter runs. In order to
enable an operator to convert from a JM-535 filtra-
bility to a filtrability using another filter aid, a
series of tests was conducted to provide four
simultaneous filtrability determinations on the same
water using four different filter aids: JM-535,
D-4200, C-535, and Crystal Flo. These filter aids
are standard grades used in water filtration. In the
tests, three types of water were used in the filtra-
bility determination: untreated water, batch-
coagulated water, and Erdlator-coagulated water.
All of the runs were classified under the heading
"Filtrability-Comparison Series." The general pur-
poses of these tests were as follows: (1) to provide
data for establishing a comparison between water
filtrability as determined using JM-535 and using
other filter aids; (2) to provide data for determin-
ing the effects of coagulant dosages on the filtra-
bility of the water from the Erdlator.
In order to achieve these objectives, using
batch-coagulated water, the normal filter-battery
test procedure was varied slightly in Runs #156
through #163. In making the preliminary evalua-
tion of the filtrability of the coagulated water for a
filter-battery test, Filter No. 5 was operated with
a precoat of JM-535 and without body feed. Simul-
taneously, other filters were operated using other
precoat filter aids, also without body feed. The
results of the tests conducted before the completion
of a normal filter-battery test to determine opti-
mum body feed provided a measure of the water
filtrability using several grades of filter aid.
A second group of filtrability-comparison tests
was made using water coagulated in the Erdlator.
All of these runs were indicated alphabetically in
the order in which the test was conducted. Five
runs (A through E) were conducted using a chem-
ical feed of 20 ppm of ferric chloride, 50 ppm of
limestone, and no calcium hypochlorite. See Fig. 14
and Table 5. As soon as the Erdlator produced an
effluent of reasonably uniform quality, the effluent
was collected in the water-storage tank in the filter-
battery apparatus. The filter-battery apparatus was
then used to determine the filtrability of the water
using the four different grades of filter aids used
in the previous tests. The test results are summar-
ized in Tables 5 and 6.
Occasionally, for example, just before Runs L
and M, the untreated water fed to the Erdlator was
collected in the main, water-storage tank in the
filter-battery apparatus. During the time that the
Erdlator was operating, the filters were used to de-
termine the filtrability of the untreated water.
The filtrability results using the four different
filter aids for determining the filtrability of un-
treated, batch-coagulated, and Erdlator-coagulated
water are tabulated in Table 6. Figure 16 shows a
comparison between the JM-535 filtrability and
D-4200 filtrability resulting from the tests in the
Filtrability-Comparison Series. The line in the
figure represents an average relationship based on
all of the tests completed. The information in Fig.
16 and in studies of the relationship for other pre-
coat materials indicated that the origin of the water
does not affect the JM-535 vs other-precoat-
material-filtrability relationship.
27. Effect of Chemical Dosage on Filtrability
In conducting the filter-battery tests to deter-
mine the relationship between filtrability and the
most economical amount of body feed, it was
observed that the average filtrability of batch-
coagulated water generally ranged between 7 and
9. It was noted that if the untreated water were
exceptionally clear or unusually turbid, the filtra-
bility of the coagulated water would vary from
these values to a considerable degree. In all of the
runs in which the filtrability of the batch-coagu-
lated water was greater than 12.0, compressed air
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Table 5
Test Data Summary: Filtrability-Comparison Series
Septums: Porous Bronze
Precoat: 0.15 lb/sq ft
Rate of Flow: 3 gpm/sq ft
Run Applied Type of Type of
No. Water Coagula- Precoat
Turbidity tion
159a Batch D-4200
C-535
JM-535
160a Batch D-4200
C-535
JM-535
161P Batch Crystal-Flo
C-535
JM-535
D-4200
162P Batch Crystal-Flo
C-535
JM-535
D-4200
163P Batch Crystal-Flo
C-535
JM-535
D-4200
A 6.4-9.6 Erdlator Crystal-Flo
C-535
D-4200
JM-535
B 8.3 Erdlator C-535
D-4200
Crystal-Flo
JM-535
C 94-127 Erdlator Crystal-Flo
D-4200
C-535
JM-535
D 15.0 Erdlator Crystal-Flo
D-4200
C-535
JM-535
E 5.7-11.5 Erdlator Crystal-Flo
C-535
D-4200
JM-535
F 5.7-11.9 Erdlator Crystal-Flo
D-4200
C-535
JM-535
G 7.0-11.4 Erdlator Crystal-Flo
D-4200
C-535
JM-535
* Calcium Hypochlorite
Filtra-
bility
7.20
8.62
6.88
7.74
7.64
6.60
4.96
6.12
5.20
6.16
2.25
2.42
2.21
2.26
7.28
9.02
7.90
9.30
3.52
4.52
4.42
3.84
4.09
3.86
3.18
3.34
1.90
2.34
2.56
1.96
3.94
4.54
4.82
3.98
3.32
4.36
3.96
3.38
2.64
3.48
3.70
3.14
2.49
2.95
3.31
2.84
Septums: Porous Bronze
Precoat: 0.15 lb/sq ft
Rate of Flow: 3 gpm/sq ft
Chemical
Feed
30 ppm FeC13
21b/500gal-CaCOa
7 ppm HTH*
30 ppm FeC13
21b/500gal-CaC03
7 ppm HTH
30 ppm FeChl
21b/500gal-CaCOs
7 ppm HTH
30 ppm FeCIa
21b/500gal-CaCOs
7 ppm HTH
30 ppm FeCIa
2 lb/500gal-CaCOs
7 ppm HTH
20 ppm FeChl
50 ppm CaCOs
0 ppm HTH
20 ppm FeC13
50 ppm CaCOa
0 ppm HTH
20 ppm FeC13
50 ppm CaCOs
0 ppm HTH
20 ppm FeClI
50 ppm CaCO3
0 ppm HTH
20 ppm FeChl
50 ppm CaC03
0 ppm HTH
50 ppm FeChI
50 ppm CaCOs
0 ppm HTH
50 ppm FeChl
50 ppm CaCO3
0 ppm HTH
Applied
Water
Turbidity
Type of
Coagula-
tion
Type of Filter Filtra-
Precoat No. bility
5.7-6.8 Erdlator Crystal-Flo
D-4200
C-535
JM-535
I 9.1-11.6 Erdlator Crystal-Flo
D-4200
C-535
JM-535
J 6.2-9.8 Erdlator Crystal-Flo
C-535
JM-535
D-4200
K 27.5 Erdlator Crystal-Flo
D-4200
C-535
JM-535
pre-L 11.5-13.2 None Crystal-Flo
C-535
JM-535
D-4200
L 11.5-13.2 Erdlator Crystal-Flo
C-535
JM-535
D-4200
pre-M 7.5-11.5 None Crystal-Flo
C-535
JM-535
D-4200
M 7.5-11.5 Erdlator Crystal-Flo
C-535
JM-535
D-4200
pre-N 4.2-13.5 None Crystal-Flo
C-535
JM-535
D-4200
N 4.2-13.5 Erdlator Crystal-Flo
C-535
JM-535
D-4200
pre-0 4.0-14.9 None Cyrstal-Flo
C-535
JM-535
D-4200
0 4.0-14.9 Erdlator Crystal-Flo
C-535
JM-535
D-4200
was blown through the batch-coagulation tank after
it was full of water. In Runs #123, #130, and #139,
such treatment resulted in water filtrabilities of
23.04, 21.4, and 16.08 respectively. In all of the
batch treatments for coagulation, a standard chem-
ical dosage of 30 ppm of ferric chloride, 2 lb of
limestone per 500 gal of water, and 7 ppm of cal-
cium hypochlorite was used regardless of the
quality of the raw water. Since the same procedures
and chemical dosage were used in all of the batch-
treatment processes, a variation in the water filtra-
bility would be caused by a variation in the water
quality. As indicated above, the water quality was
rather consistent in most of the batch-coagulation
tests, so that filtrabilities of 7 to 9 were produced.
The average water filtrability resulting from batch
treatment was 8.76. The fact that most of the tests
gave filtrabilities within a narrow range of values
suggested that the chemical dosage as well as water
quality might influence the filtrability of the
coagulated water to a considerable degree.
In making preliminary runs to gain familiarity
with the Erdlator and its operation, different coagu-
lant dosages were used to determine, if possible,
whether chemical dosage had any noticeable effect
on filtrability. In view of the fact that the quality
of the untreated water is constantly changing, no
quantitative results could be obtained without run-
ning several Erdlators in parallel. However, several
significant results were observed.
In the succeeding discussion all references to
filtrabilities are made to JM-535 filtrabilities. No
consideration has been given to changes in water
quality during a test. Runs A, B, C, D, and E in the
Filtrability-Comparison Series were conducted
using 20 ppm of ferric chloride and 50 ppm of
limestone. The filtrabilities of the coagulated water
were, in order, 3.84, 3.34, 1.96, 3.98, and 3.38. The
Chemical
Feed
50 ppm FeC13
50 ppm CaCOs
0 ppm HTH
50 ppm FeChI
50 ppm CaCO3
0 ppm HTH
10 ppm FeCIa
50 ppm CaCOs
0 ppm HTH
10 ppm FeCh
20 ppm CaCO3
0 ppm HTH
None
10 ppm FeChl
20 ppm CaCOs
0 ppm HTH
None
0.6 ppm FeClh
0 ppm CaCOs
0 ppm HTH
None
15 ppm FeCla
20 ppm CaCOs
0 HTH
None
15 ppm FeCla
20 ppm CaCOI
0 HTH
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average filtrability of the water in all of the tests
was 3.30. The results of Run C may be ignored
since on that day the untreated water turbidity was
94.6 ppm instead of between 5.7 and 11.0 ppm as in
Runs A, B, D, and E. See Table 5 and 6. Neglecting
Run C, the average filtrability was 3.63. In the 5
tests, a satisfactory sludge blanket was formed near
the middle of the tank and some floe (small) was
carried over the outlet weir. The effluent water was
relatively clear and sparkling.
Runs F, G, H, and I were made using 50 ppm
of ferric chloride and 50 ppm of limestone. The
filtrabilities were, in order, 3.14, 2.84, 1.85, and
4.10 for an average filtrability of only 2.98. In these
Run
156
157
158
159A
160A
161P
162P
163P
A
B
C
D
E
F
G
H
I
J
K
Pre-L
L
Pre-M
M
Pre-N
N
Pre-O
0
Table 6
Test Data Summary: Filtrability of Coagulated Water
Filtrability Values Using Various Filter Aids
Type of
Coagulation
Batch
Batch
Batch
Batch
Batch
Batch
Batch
Batch
Erdlator
Erdlator
Erdlator
Erdlator
Erdlator
Erdlator
Erdlator
Erdlator
Erdlator
Erdlator
Erdlator
None
Erdlator
None
Erdlator
None
Erdlator
None
Erdlator
JM-535 D-4200 C-535 Crystal-
5.08
11.56
7.20
7.74
6.16
2.26
9.30
4.42
3.86
2.34
4.54
3.96
3.48
2.95
1.95
4.56
1.54
6.16
2.53
1.31
1.69
1.32
7.52
1.36
2.96
2.47
11.96
8.62
7.64
6.12
2.42
9.02
4.52
4.09
2.56
4.82
4.36
3.70
3.31
2.09
5.05
1.66
6.30
2.00
1.37
1.98
1.35
7.90
1.40
3.31
2.65
Flo
9.68
ppm of ferric chloride was used. In both Runs L
and M, the filtrabilities were low (1.24 and 1.13
respectively), even though the untreated water tur-
bidity was between 11 and 13 ppm. In both cases,
no sludge blanket formed and the tank effluent was
full of floe particles.
0 2 4 6 8 /0
D - 4200 Fil/rabii/y Gallons per Fool of Head Loss
Fig. 16. Filtrability-Comparison Tests
Using JM-535 and D-4200
These results show that the filtrability of the
Erdlator effluent is affected both by the water
clarity and by the chemical dosage. A chemical
dosage which is too high results in a very clear,
sparkling effluent, but also one with low filtrability.
A chemical dosage which is too low results in a
partially-clarified water and relatively low filtra-
bility.
28. Relationship of Filtrability to Optimum Body Feed
An attempt was made to correlate water filtra-
bility with the amount of body feed required to give
the greatest economy of filter aid, assuming that the
filtrability of a water as determined using Filter
No. 5 represented a practical measure of the filter-
ing quality of the water. The standard filtrability
and the optimum body feed were determined from
the results of Runs #100 through #118 in which
JM-535 filter aid had been used. The data for
JM-535 runs indicated that only four runs were
conducted using body feeds that indicated an opti-
mum range of body feed. See Table 4. The results
of these runs did, however, indicate that a correla-
½
~0
0
00
4
Polycel H
26.46
15.61
runs, the turbidity varied from 5.7 to 11.9 and the
Erdlator rate, in Run I with a high filtrability, was
an undetermined amount greater than 6 gpm. In
these runs, although some difficulty was experienced
in maintaining chemical feed rates, the water from
the Erdlator was clear and sparkling.
Run J was made using 10 ppm ferric chloride
and 50 ppm of limestone. The water filtrability was
only 1.33, even though the water turbidity was only
6.2 to 9.8 ppm. A good sludge blanket did not form,
however, nor could the tank be said to be operating
properly. Run K was made using 10 ppm of ferric
chloride and 20 ppm of limestone. The coagulated
water filtrability was 5.35 when the water turbidity
was 27.5 ppm. An excellent blanket formed in the
tank and the effluent from the tank was relatively
clear and sparkling, but not so clear as when 50
eZ
/
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tion existed between the water filtrability and the
optimum body feed as follows:
Run No. Filtrability Optimum Body Feed
115 2.60 36-39
116 2.90 26-32
103 5.72 25-30
111 6.96 18-22
In the runs in which an optimum amount of body
feed was indicated, the run made with the water of
lowest filtrability required the highest optimum
body feed. Similarly, as the filtrability of the water
increased, the optimum amount of body feed
decreased.
In order to indicate the trend more conclusively,
if possible, the probable optimum body-feed range
was determined for each run with JM-535 filter
aid. The range was plotted as abscissa versus the
water JM-535 filtrability as ordinate in a figure
similar to Fig. 17. The results for Run #103 were
plotted in this figure at a filtrability of 5.72 for a
range of body feed from 25 to 30 ppm. The range
of body feed was indicated by a line extending from
25 to 30 ppm with an arrowhead on each end. The
arrowheads indicated that the optimum fell within
the range outlined. Similarly, the results from those
runs which did not indicate an optimum were also
plotted against the corresponding value of the fil-
0 4
trability. For example, the results of Run #110
indicate only that the optimum amount of body
feed was less than 5 ppm when the water filtrability
was 13.14. See Table 4. In plotting this relationship,
the probable range of the optimum body feed was
indicated by putting the arrowhead only at 5 ppm
to indicate that the optimum was less than this
amount. After all of the JM-535 results in the first
20 runs had been plotted, a smooth curve was
drawn through all of the data so that it intersected
as completely as possible the optimum range indi-
cated for each run.
In subsequent tests the filtrability of the coagu-
lated water was determined before the start of a
filter-battery run as described in Section 19. With
this preliminary knowledge of the filtering char-
acteristics of the water, the probable relationship
between filtrability and the optimum amount of
body feed was used to determine the amounts of
body feed which should be used in the subsequent
filter-battery run. As soon as the filter-battery run
was completed, the data were reduced to graphical
form as shown in Figs. 9 and 11. In most cases, as
in Runs #115, #116, and #146 shown in Fig. 9,
the optimum range of body feed was considerably
narrowed, making it possible to add more precise
data to the relationship expressed in Fig. 17. Each
K tttt/--'e,' 0 Use~b t-~
-[-1 1 _-- -
Fig. 17.
N . Note: Runs marked "E"are erd/otor runs.
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succeeding run served to increase the precision with
which the relationship between filtrability and the
optimum amount of body feed could be drawn.
The experimental results appeared to indicate
that a relatively broad band of optimum body feed
exists in the relationship between optimum body
feed and filtrability. Most of the tests gave opti-
mum body feeds within the range of values indi-
cated by the dotted lines in Fig. 17. The solid lines
represent the most probable optimum relationship
based on the available data. Theoretically, the rela-
tionship should be hyperbolic in nature, but the
data indicate that a straight line can be used to
represent the relationship between filtrability values
of 2 and 13. The test results from the Erdlator runs
indicate that for water providing a filtrability be-
tween 0 and 2, a second straight line best represents
the data. With water whose filtrability is much be-
low 2.0, excessive amounts of body feed are required
such that more consideration should be given to
improving the coagulated water filtrability than to
accepting the water of that quality and operating
with optimum body feed. The relationship indicated
as most practical for field use was based on the
fact that the economy of filter aid use drops off
slower when excess body feed rather than less body
feed than is necessary is used, as shown in Figs.
9 and 10.
A graphical expression of the relationships be-
tween filtrabilities determined with D-4200 filter
aid and the corresponding optimum D-4200 body
feed, shown in Fig. 18, indicated that the relation-
ship might be expressed as a straight line for values
of filtrability between 0.4 and 22 when plotted on
logarithmic paper. Actually the relationship is
hyperbolic and approaches the theoretical relation-
ship more nearly than do the results with JM-535.
In view of the fact that the experimental data
indicate a range of optimum values rather than a
single curve, it must be concluded that the filtra-
bility determination as used in this study does not
provide an all-inclusive measure of the filtering
2 4 6 8 /0 0 40 60 80 00 200 400
Optimum D - 4200 Body feed ppm
Fig. 18. Relation Between Filtrability and Optimum Body Feed, D-4200 Filter Aid
Bul.425. EFFECT OF BODY FEED ON THE FILTRATION OF WATER THROUGH DIATOMITE
quality of a water. It does provide a measure which
indicates the amount and to some degree the char-
acter of the solids but does not indicate the manner
in which the solids will react with body feed. If the
standard filtrability were a completely satisfactory
measure of filtering quality, the tests should have
indicated a consistent optimum body-feed amount.
In spite of the fact that the filtrability measure of
water quality provides a range of optimum body
feeds rather than a fixed relationship, the test may
be used effectively for controlling the addition of
body feed to a diatomite water filter.
29. Effect of Optimum Amount of Body Feed on the
Economy of Filter-Aid Use
In order to determine the volume of filtrate to
be expected per pound of filter aid under the most
economical body-feed operating conditions, Fig. 19
for JM-535 was prepared; a similar figure (which
is not included in this Bulletin) was made for
D-4200. Both figures show the volumes of filtrate
obtained per pound of filter aid versus the water
filtrability. The results from the runs using batch-
coagulated water are shown in Fig. 19a, and the
results from the runs using Erdlator-coagulated
water are shown in Fig. 19b. Each short dashed
line, followed by the number representing the filter-
battery run, marks the approximate volume of
filtrate obtained per pound of filter aid with opti-
mum body feed. The straight line in the figure
marked "with precoat only" indicates the relation-
ship that exists between water filtrability and vol-
ume of filtrate obtained per pound of filter aid
when no body feed is used.
It is interesting to note that with both Erdlator
and batch-coagulated water, the volume of filtrate
obtained per pound of filter aid using the optimum
amount of body feed does not result in a constant
relationship with the water filtrability. It appears
likely that even though the filtrability may be cor-
related with optimum body feed it cannot be corre-
lated with the water production which will be
obtained using that optimum body feed. In other
words, it appears that the filtrability determination
must be modified if it is to indicate clearly the
effect which the character of the solids will have
on the effectiveness of body feed. The standard
filtrability determinations used in this study fails
to do this effectively.
In order to explain why different amounts of
filtered water were obtained with optimum amounts
of body feed with waters of the same filtrability, a
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Fig. 19. Effect of Water Filtrability on the Economy
of Filter-Aid Use, JM-535 Filter Aid
review was made of all the data collected in the
filter-battery runs to determine whether some fac-
tor influencing water quality was being overlooked.
It was noted that all of the coagulated water from
the batch-treatment tank was coagulated using a
standard dosage of 30 ppm of ferric chloride, 7 ppm
of calcium hypochlorite, and 2 Ib of limestone for
each 500 gal of tank capacity. This dosage was
used regardless of the turbidity of the raw water.
In most of the runs with batch-coagulated water
using either D-4200 or JM-535 filter aid, that
dosage resulted in overcoagulation of the water. In
other words, the suspended solids removed on the
filters were composed chiefly of ferric-hydroxide
floc. Such a condition was indicated quite obviously
by the formation of a dark red filter cake on the 5
filters during filter-battery tests. In such runs, the
water production with the optimum amount of body
feed was observed to be about the same as the
1
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water production with precoat only. In such runs
the filtered water turbidity was usually 0.15 ppm
or less.
In some cases in which the water was coagulated
immediately after a storm, the standard chemical
dosage was insufficient for effective coagulation.
These runs resulted in a water production with the
optimum amount of body feed which was about the
same as that obtained with precoat only. Runs
#110, #111, and #112 in Fig. 19 are examples in
which this occurred. This phenomenon was easily
observed since the filter cakes were either dark
grey or black in color, indicating the carry-over of
considerable amounts of organic materials from the
coagulation process. The turbidity of the filtered
water in these runs usually varied between 0.2 and
1.0 ppm.
In several of the runs, the water coagulated in
the batch-treatment tank was mixed while the tank
was filled by blowing air through the tank contents
for about 15 min. Then, the air was shut off and
the water was allowed to remain undisturbed over-
night. Runs #115, #116, and #134 are examples of
this type. In these cases, the filtrability of the
coagulated water was low, but the water production
per pound of filter aid with optimum body feed was
relatively high. In general the other runs, in which
the quantity of water produced per pound of filter
aid with body feed was greater than the quantity
produced per pound of filter aid with precoat only,
appeared to coincide with the situation in which the
coagulant had been correctly proportioned to the
amount of suspended solids in the water. No defi-
nite evidence, however, is available concerning this
conclusion.
In view of these observations, it appears that:
1. The use of the optimum amount of body feed
results in longer runs and frequently results in in-
creased production of water per pound of filter aid
over that which has been obtained without body
feed.
2. If the water is inadequately coagulated, the
water production per pound of filter aid may be
approximately the same as the water production per
pound of filter aid without body feed. The filtered
water turbidity usually varied from 0.2 to 1.0 ppm
in these tests.
3. If the coagulated water contains surplus fer-
ric floe, the water production per pound of filter
aid with optimum amounts of body feed may be
about the same as that obtained without body feed.
The filtered water turbidity was usually less than
0.1 ppm in these tests.
4. If the coagulants are properly proportioned
to the solids in the water, the water production per
pound of filter aid is considerably greater with body
feed than without. In such cases, the turbidity of
the filtered water is generally less than 0.1 ppm.
Ii::
Body Feed, ppm
Fig. 20. Effect of Water Filtrability and Body
Feed on Length of Filter Run, JM-535
30. Body-Feed Filtrability as a Measure of the
Filtering Qualities of Water
At the conclusion of the filter-battery tests, a
study was made in an attempt to correlate the
lengths of filter run with both the filtrability of the
water and with body feed. In order to accomplish
this, a plot was made of all of the data for D-4200
and for JM-535 in which the standard filtrability
was plotted on the ordinate, and the body feed in
ppm was plotted on the abscissa. The plotted points
for JM-535 are shown in Fig. 20. The length of the
run in hours was located in the figure at each ap-
propriate value of filtrability and body feed. It was
planned to draw contour lines through points of
equal length of run. In other words, it was hoped
that the graph would make it possible to determine
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the proper body feed to use with a water of known
filtrability in order to obtain any desired length of
run. In making the plots, however, it was discovered
that the length of run to be obtained with a water
of known filtrability could not be correlated with
body feed. For example, on two successive days a
water having a filtrability of about 7.2 to 7.4 was
filtered using body feeds of 25 ppm of JM-535. On
one day, a filter run of 3.8 hr was obtained and on
another day a 7.3-hr run resulted. This can be seen
in Fig. 20. The differences observed are believed to
be due to the differences in the particulate matter
causing the plugging of the filter aid. In the short
runs, excessive coagulant was used and the filter
cakes formed were red in color; this indicated that
the material clogging the filter was ferric-hydroxide
floe. In the long runs, the filter cakes formed were
not quite so red or were even gray in color, thus
indicating the presence of some natural turbidity
and less floe. Due to these variations the correla-
tion attempted in Fig. 20 was unsuccessful. Figure
20 included only those runs which produced about
the same amount of filtrate per pound of filter aid
with body feed as was produced with precoat only.
Nevertheless, it was still not possible to sketch in
regular contours connecting runs of equal length,
although the data followed a more logical trend.
Most of the discrepancies in these figures may
be traced to the fact that the standard filtrability
determination used to measure water quality served
to indicate the amount of suspended solids present
in the water but did not provide a valid indication
of their effects with body feed. For that reason,
consideration was given to the possibility of correct-
ing this difficulty by the use of a different filtra-
bility determination using body feed in the standard
test. Such a determination, for example, could be
made by filtering the water containing 20 ppm of
body feed through a standard amount and type of
precoat at a rate of flow of 3 gpm per sq ft until
a terminal head loss of 50 ft of water was obtained.
The volume of water filtered per sq ft at the ter-
minal head divided by 50 ft would serve as a
"body-feed filtrability." In this study such a filtra-
bility measurement has been designated as a 20-F
filtrability, indicating that it was made using 20
ppm of body feed.
In order to check the feasibility of correlating
the length of run with the body feed and the 20-F
filtrability, all of the filter-battery tests which uti-
lized 20 ppm of body feed were assembled. There
were 11 such runs made using JM-535 and 8 such
runs made with D-4200. The 20-F filtrability was
computed from the data for each run and Fig. 21
was plotted in which the 20-F filtrability was
plotted on the ordinate and the body feed was
plotted on the abscissa. The lengths of filter run
were located as before. Although the discrepancies
in the figures were greatly reduced, the 20-F filtra-
bility does not appear to be a perfect measure of
the over-all filtering quality of the water. Addi-
tional study should be made of this method of
measuring the filtering quality of water. At the
present time, it appears that more attention should
be directed toward securing optimum coagulant
dosage during coagulation. In all probability, how-
0 /0 20 30 40 50 60
Body Feed, ppm
Fig. 21. Effect of 20-F Water Filtrability and Body
Feed on the Length of Filter Run, JM-535
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ever, a satisfactory body-feed filtrability test
would also be helpful in determining optimum
coagulant dosage. At the present time, only the
color of the filter cake and the filtered water tur-
bidities can be used as a guide in controlling chem-
ical feed.
31. Appearance of Filter Cake
The appearance of the filter cakes formed on
septums during two tests are shown in Fig. 22. The
Filter Number
12 3 S
Run #128
Filter Number
1 2
Run #134
Fig. 22. Photographs of Filter Cakes from
Filter-Battery Tests, Runs #128 and #134
numbers at the top of the photograph identify the
filter housing from which each septum and cake
were removed. A portion of the filter cake on each
septum has been removed and turned over in order
to show the appearance of the underside of the
precoat. In each photograph, the filter cake appears
as two distinct layers of materials. The white layer
next to the septum is composed of the precoat filter
aid. The darker layer on the outside of the septum
is composed of body-coat filter aid and particles of
material removed from the coagulated water. The
lighter the outer layer appears, the higher the per-
centage of filter-aid body feed in that portion of the
filter cake. The thickness of the filter cakes in the
photographs may be used as an indication of
the amount of body feed added and the length of
the filter run. All of the filter cakes formed in the
filter-battery tests were smooth and uniform as
shown. In most filter runs the filter cakes were
reddish-brown in color. This fact indicated that the
suspended material removed was composed mostly
of ferric-hydroxide floe remaining in the coagulated
water. In some cases, however, the filter cakes
formed were dark gray or black in color; this
showed that the water was imperfectly coagulated
and that a considerable amount of suspended solids
other than ferric hydroxide was being removed by
the filter.
Occasionally, in removing the filter septums
from the housings in order to photograph the filter
cakes, an interesting phenomenon was observed. As
water was drained from the filter housing before
attempting to remove the septum for taking photo-
graphs, the water inside of the septum sometimes
began to flow in reverse direction back through the
filter cake. If the filter cake resulting from the body
coat and turbidity were relatively thick and well
packed, the flow back through the cake was so slow
that the housing drained before any of the water
inside the septum could flow back through the cake.
When that happened the water inside the septum
caused one or two vertical cracks to form in the
outer portion of the filter cake running from the
bottom of the septum upward. As the water from
inside of the septum flowed out of these cracks it
often carried with it much of the porous precoat
filter aid. The outer layer of filter cake usually re-
mained in place even though nearly all of the pre-
coat was removed. This phenomenon indicated that
the precoat was successful in protecting the septum
from clogging and that the suspended solids removal
occurred chiefly at the outer edge of the precoat.
Since the precoat was not all used in protecting the
septum, it is probable that the amount of precoat
could be reduced appreciably.
32. Miscellaneous Studies
Filter-battery Run #157 was made to determine
the filtrability of a coagulated water using 5 differ-
ent filter aids. The filters precoated with D-4200
and C-535 gave nearly similar filtrabilities of 11.56
and 11.96, whereas Polycel RCB-80 gave a filtra-
bility of 26.46. See Table 6. The extraordinary long
filter run obtained with Polycel indicated that per-
haps decided advantages could be obtained by using
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it in preference to diatomite for forming a filter
precoat. For this reason, Run #158 was conducted
in which a comparison was made of the results
obtained with:
1. Filter No. 1 precoated with 0.15 lb/sq ft of
Polycel
2. Filter No. 2 precoated with 0.1 lb/sq ft of
JM-535 next to the septum
Polycel on the outside of the
3. Filter No. 3 precoated
JM-535 and supplied with 22
feed
4. Filter No. 4 precoated
JM-535 and supplied with 26
feed
5. Filter No. 5 precoated
JM-535 only.
and 0.15 lb/sq ft of
diatomite precoat
with 0.15 lb/sq ft of
ppm of JM-535 body
with 0.15 lb/sq ft of
ppm of JM-535 body
with 0.15 lb/sq ft of
The results of the test shown in Fig. 23 indi-
cated that both Filters No. 1 and No. 2 supplied
more water than did Filter Nos. 3, 4, or 5. In other
words, the use of Polycel RCB-80 without body
feed produced more water and a longer filter run
than did the filters precoated with JM-535 and
supplied with optimum body feed.
The Polycel filter cakes were tightly held to the
septum and were removed with difficulty. Obviously
backwashing a septum precoated with Polycel
would be a problem. The filter cakes were uniform
and the turbidity was found to have penetrated
deeply into the precoat. The penetration was not
complete, however, since no discoloration of the
JM-535 precoat on Filter No. 2 was observed. No
significant difference was observed in the clarity
of the water from any of the filters.
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VI. SUMMARY AND CONCLUSIONS
33. Summary of Test Results
Tests were made:
1. To evaluate the effects of body feed on the
economy of filtration of water through diatomite.
These tests are described in Section 23. The test
operations indicated that body feed could either
increase or decrease the amount of water produced
per pound of filter aid used, depending on the rate
of feeding. The rate of body feed that produced the
minimum amount of water was about 0.3 to 0.5 of
the rate of body feed that produced the maximum
amount of water. As the filtrability of the water to
be filtered became poorer, more body-feed filter aid
was required for maximum body-feed economy.
2. To correlate the optimum body feed corre-
sponding to maximum filter aid economy with the
turbidity of the water. The details of this test are
discussed in Section 24. No reasonable correlation
was found.
3. To show a comparison between filtrability as
determined by the use of various filter aids and to
establish a standard filter aid for the purpose of
measuring filtrabilities in this investigation. The
conduct of this test and observations are discussed
in Sections 25, 26 and 27.
4. To determine the relation between quality of
water and optimum economy of body feed. This
test is discussed in Section 28. The relationships
shown in Figs. 17 and 18 may be used effectively
in controlling the operation of a diatomite filter,
although the data indicate only the existence of a
range of optimum values.
5. To correlate the volume of water produced
per pound of filter aid with the quality of water as
measured by its filtrability. This test is discussed
in Section 29. The scatter of the data shown in Fig.
19 indicates that there is no correlation because the
filtrability determination does not take into consid-
eration the effect of the character of the solids in
the water on the effectiveness of the body feed in
filtration.
6. To determine a new definition of filtrability
to include the use of body feed. The details of this
test are discussed in Section 30. Insufficient data
were collected to permit any conclusive observation.
7. To find if a correlation exists between the
coagulant dosage, the filtrability of the water, and
the amount of water produced with optimum body
feed. This is discussed in Section 27.
It appears that the use of too much coagulant
will result in producing a water of low filtrability
and will give poor economy in the use of filter aid
with optimum amounts of body feed. The quality
of the filtered water, however, will be excellent.
Under-dosing of coagulants produces the same re-
sult in filter operation, but the filtered water is of
poorer quality. The use of optimum amounts of
coagulants appears to produce both a water of
high filtrability and much better filter-aid economy.
Insufficient data were available for providing com-
plete verification of these observations.
All of the test results discussed in this report
apply to filters operated at a constant rate of 3
gpm per sq ft to a terminal head loss of 50 ft of
water. Qualitative extensions of the results of this
study can, however, be made to filters operated
under other conditions provided due care is used.
For example, the use of a 100-ft terminal head loss
would increase the length of run by a factor some-
what less than 2.0 if an optimum amount of body
feed were used. Similarly, the use of a 1.5 gpm per
sq ft filtering rate rather than the 3.0 gpm per
sq ft rate would also increase the length of run by
a factor somewhat less than 2.0. Thus, if both the
rate of flow were decreased and the terminal head
were increased in this manner, the length of run
and volume of water produced per pound of filter
aid with the optimum amount of body feed would
be increased by a factor of from 2.0 to 4.0.
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34. Conclusions
The following general conclusions may be drawn
as a result of this study:
1. Body feed may be used to increase the pro-
duction of water per pound of filter aid provided
it is fed in correct proportion to the amount and
character of the suspended solids in the water. If
fed in optimum amounts, the filter-aid economy
will be at a maximum. If only 0.3 to 0.5 of the
optimum amount is used, the filter-aid economy
will be a minimum and may provide filter runs
shorter than would have been obtained if no body
feed had been used.
2. The filtrability measure of the filtering qual-
ity of a water may be used with success to evaluate
the filtering quality of coagulated water for the
purpose of determining a range of optimum body
feed.
3. Figures 17 and 18 show the relationship be-
tween water filtrability and the optimum amount
of body feed using JM-535 and D-4200 as filter
aids. The relationship may be used with sufficient
accuracy for evaluating the proper amount of body
feed to be used in filter operations.
4. The amount of water which will be produced
per pound of filter aid with optimum amounts of
body feed cannot be correlated with the standard
water filtrability since this measurement of water
quality does not take into consideration the in-
fluence of the solids on body feed.
5. The best water filtrability and highest water-
to-filter-aid ratio depends on an optimum coagu-
lant dose which at this time can be found only by
trial.
6. A new measure of filtrability based on the
use of a standard amount of body feed is proposed
in Section 30. This measure of filtrability may be
used to provide a more accurate measure of the
filtering quality of water when used with body feed.
In all probability, such a measure of water quality
could also be correlated with the optimum coagu-
lant dosage.
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